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Abstract
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I. INTRODUCTION
Nowadays it seems that in some sense the third generation may be different from the
other ones: although a heavy top quark [1] can still be barely accommodated in the Standard
Model it can bring some unexpected features to the mass spectrum problem, also, possibly
the bottom quark couples to the Z0 with a strength which is different from the strength of
the d and s quarks [2]. The properties of the tau lepton and its neutrino can still bring
up surprises [3]. On the other hand, if the cross section σ(pp¯ → tt¯ + X) obtained by the
CDF Collaboration [1] is in fact higher than the prediction of quantum chromodynamics,
this may be a signature of new quarks.
In the model based on the gauge symmetry SU(3)c ⊗ SU(3)L ⊗ U(1)N of Ref. [4], the
effective SU(2) ⊗ U(1) model coincides with the usual electroweak one. The three families
belong to left-handed doublets and right-handed singlets of SU(2). Hence, all of them have,
at leading order, the same couplings to the W± and Z0 bosons. Also the extra quarks in
that model have exotic 5/3 and −4/3 charges. The lepton sector is exactly the same of
the Standard Model (SM). Although this model coincides at low energies with the usual
electroweak model, it explains the fundamental questions: i) the family number and, ii) why
sin2 θW < 1/4 is observed. Therefore, it is possible from the last constraint, to compute an
upper limit to the mass scale of the SU(3) breaking of about 3 TeV [5]. This turns the 3-3-1
model an interesting possibility for the physics beyond the Standard Model, in particular if
future experiences confirm in more detail an SU(2)⊗U(1) model (for instance if the Z → bb¯
decay and several Z-pole asymmetries confirm the value expected in the model) and no new
quarks with charge 2/3 and −1/3 were found.
However, if in the future new quarks were observed having the same charge than the
quarks already known or, if the third generation turns to be in fact different from the
other two generations (say, with different interactions), it will be necessary to consider
modifications of the original 3-3-1 model. For instance, a model with five charge −1/3 and
four charge 2/3 quarks has already been considered in Ref. [6]. There are, however, other
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representation contents: four charge −1/3 and five charge 2/3 quarks or, by the choice of
the third generation in a vector-like representation of the electroweak symmetry. We will
give below an example of such a sort of model which is an extension of one of the models
proposed some years ago in Ref. [7].
Once we are convinced that theories based on the 3-3-1 gauge symmetry are interesting
possibilities for the physics at the TeV range, we must study how the basic ideas of this sort
of models can be generalized.
In (almost) all these models, which we recall that are indistinguishable from the Standard
Model at low energies, in order to cancel anomalies the number of families (Nf ) must be
divisible by the number of color degrees of freedom (3). Hence the simplest alternative is
3 = Nf . By denoting Nq and Nl the number of quark and lepton families, respectively, we
will see that the relation Nq = Nl = Nf = 3 is a particular feature of 3-m-1 models. When
n 6= 3, Nq and Nl are still related to each other but it is not necessary that Nq = Nl in order
to have anomaly cancellation.
In this work we also want to generalize these sort of models in several ways. Firstly,
by expanding the color degrees of freedom (n) and the electroweak sector (m), i.e., we will
consider models based on the gauge symmetry
SU(n)c ⊗ SU(m)L ⊗ U(1)N . (1.1)
In most of these extensions the anomaly cancellation occurs among all generations together,
and not generation per generation. However, if a 3-3-1 model has the third generation not
anomalous, in its extension also it will be so.
We will use the criterion that the values for m in Eq. (1.1) are determined by the leptonic
sector. It means that if each generation is treated separately, SU(4) is the highest symmetry
group to be considered in the electroweak sector. Thus, there is no room for SU(5)L×U(1)N
if we restrict ourselves to the case of leptons with charges ±1, 0.
In the color sector, for simplicity, in addition to the usual case of n = 3, we will comment
the cases n = 4, 5. These extensions have been considered in the context of the SU(2)L ⊗
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U(1)Y model [8,9].
Next, models with left-right symmetry and/or with horizontal symmetry are also con-
sidered. We discuss too a SU(6) grand unified theory in which one of these models may be
embedded.
We must stress that all extensions of 3-3-1 models have flavor changing neutral currents
(FCNC). However, up to now in all models of this kind which have been considered in
detail, it was always possible to have, in the sector of the model which coincides with the
observed one, natural conservation of flavor in the neutral currents. Hence, FCNC effects
are restricted to the exotic sectors of the models. The only exception is model B below since
in this case there are right-handed currents coupled to the Z0 which do not conserve flavor
but they involve arbitrary right-handed mixing matrix. Since all extensions of the 3-3-1
model that we will consider here have an SU(3)L subgroup, we think that the suppression
of the FCNC in the observed part of the particle spectrum is a general feature of this kind
of models. This is far from being an obvious fact but it was showed in several 3-3-1 models
and recently in the 3-4-1 case. For details see Refs. [6,10,11].
This work is organized as follows. In Sec.II we consider two new possibilities of 3-3-1
models. In Sec.III we consider models with n = 3, m = 3, 4 (Sec.IIIA). There we will
also discuss the cases for n = 4, 5 (Sec.III B). In Sec.IV we give general features of the
extensions with left-right symmetry (Sec.IVA) and with horizontal symmetries (Sec.IVB).
We also consider (Sec.IVC) possible embedding in SU(6). The last section is devoted to
our conclusions.
II. TWO 3-3-1 MODELS
Here, we will treat two interesting possibilities of 3-3-1 models with the electric charge
operator defined as 2Q = λ3 + λ8/
√
3 + 2N . Both models have the same gauge boson
sector, they differ slightly in the scalar sector but they are quite different in the fermion
sector. One of the models (model A) has five charge 2/3 quarks and four charge −1/3 ones;
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the other model (model B) has four charge 2/3 and five charge −1/3 quarks and the third
generation in a vector-like representation of SU(3). Model B is an extension with three
quark generations of one of the models put forward in Ref. [7]. In model A anomalies cancel
out only among all generations with each generation being anomalous. In model B only the
third generation is not anomalous.
A. Model A
All leptons generations transform as triplets of SU(3)
ΨaL =


νa
l−a
E−a


L
∼ (3,−2/3), a = e, µ, τ ; (2.1)
while quarks transform as follows
QiL =


u′i
ui
di


L
∼ (3∗, 1/3), i = 1, 2; Q3L =


u3
d3
d4


L
∼ (3, 0), (2.2)
and all charged right-handed fields in singlets. Neutrinos remain massless as long as no
right-handed components are introduced. We have omitted the color index.
In the quark sector the phenomenological states in Eqs. (2.2) are linear combinations of
the mass eigenstates (u, c, t, t′, t′′) and (d, s, b, b′) for the charge 2/3 and charge −1/3 sectors,
respectively. Three of the left-handed charge 2/3 (−1/3) quark fields are part of SU(2)
doublets u1,2,3 (d1,2,3). The other fields u
′
1,2 and d4 are in singlets of SU(2).
Let us introduce three triplets of Higgs bosons
η =


η+2
η+1
η0


∼ (3∗, 2/3), σ =


σ02
σ01
σ−


∼ (3∗,−1/3), (2.3)
and a third one σ′ transforming like σ.
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The most general quark Yukawa couplings are
− LY =
∑
iα
AiαQ¯iLDαRη +
∑
iβ
[BiβQ¯iLσ +B
′
iβQ¯iLσ
′]UβR
+
∑
α
[E3αQ¯3Lσ
∗ + E ′3αQ¯3Lσ
′∗]DαR +
∑
β
F3βQ¯3LUβRη∗ +H.c. (2.4)
where i = 1, 2, α = 1, 2, 3, 4, β = 1, 2, 3, 4, 5 and we have chosen the basis DαR = d1,2,3,4R,
UβR = u1,2,3R, u′1,2R; with η∗, σ∗ the respective antitriplets and we have omitted SU(3)
indices.
Let us assume the following vacuum expectation values (VEVs):
〈σ01〉 6= 0, 〈σ02〉 = 0, 〈σ′01〉 = 0, 〈σ′02〉 6= 0; (2.5)
and we also assume that the mass scale characteristic of the SU(3) symmetry is rather high:
〈σ′02〉 ≫ 〈σ01〉, 〈η0〉. (2.6)
Before going on, let us consider the neutral currents coupled to Z0. We must determine
which fields have the same couplings than in the SU(2) ⊗ U(1) effective theory i.e., when
the condition in Eq. (2.6) is satisfied. The photon field is given by
Aµ = sW (W
3
µ +
1√
3
W 8µ) +
1√
3
(3− 4s2W )
1
2Bµ. (2.7a)
The massive neutral bosons are
Zµ = cW W
3
µ −
1√
3
tan θW [sW W
8
µ + (3− 4s2W )
1
2Bµ], (2.7b)
which correspond to the usual Z0 and the heavier one
Z ′µ =
1√
3cW
[−(3− 4s2W )
1
2W 8µ + sW Bµ] (2.7c)
where sW ≡ sin θW , cW ≡ cos θW and θW is the usual weak mixing angle. From the electric
charge definition we get
g′2
g2
=
3s2W
3− 4s2W
, (2.8)
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hence, sin2 θW < 3/4 [6].
The neutral current interactions of fermions (ψi) can be written as usual
LNC = − g
2 cos θW
[∑
i
Liψ¯iLγ
µψiL +RiψiRγ
µψiR
]
Zµ
= − g
2 cos θW
∑
i
ψ¯iγ
µ(giV − γ5giA)ψiZµ, (2.9)
where giV ≡ 12(Li +Ri) and giA ≡ 12(Li − Ri). We obtain for the charge −1/3 sector
Ld1 = Ld2 = Ld3 = −1 +
2
3
s2W , Ld4 =
2
3
s2W , (2.10a)
Rd1 = Rd2 = Rd3 = Rd4 =
2
3
s2W . (2.10b)
and,
gd1V = g
d2
V = g
d3
V = −
1
2
+
2
3
s2W , g
d4
V =
2
3
s2W ; (2.10c)
gd1A = g
d2
A = g
d3
A = −
1
2
, gd4A = 0. (2.10d)
Similarly, for the charge 2/3 sector
Lu1 = Lu2 = Lu3 = 1−
4
3
s2W , Lu′1 = Lu′2 = −
4
3
s2W , (2.11a)
Ru1 = Ru2 = Ru3 = Ru′1 = Ru′2 = −
4
3
s2W , (2.11b)
and
gu1V = g
u2
V = g
u3
V =
1
2
− 4
3
s2W , g
u′
1
V = g
u′
2
V = −
4
3
s2W , (2.11c)
gu1A = g
u2
A = g
u3
A =
1
2
, g
u′
1
A = g
u′
2
A = 0. (2.11d)
From Eqs. (2.10) we see that d1, d2 and d3 have the same couplings to the Z
0 as the d, s, b
quarks in the standard electroweak model, but d4 has a pure vector coupling. In the charge
2/3 sector we observe from Eqs. (2.11) that u1, u2 and u3 have the same couplings of the
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usual u, c, t quarks in the Standard Model, while u′1, u
′
2 have pure vector couplings to the
Z0. The mass eigenstates will be denoted by u, c, t, t′, t′′ and d, s, b, b′. Hence, if we avoid a
general mixing in the mass matrix we will implement a GIM mechanism [12] in the model.
Finally, for leptons we have
Lνa = 1, Lla = −1 + 2 s2W , LEa = 2 s2W , (2.12a)
Rνa = 0, Rla = REa = 2 s
2
W . (2.12b)
or,
gνaV =
1
2
, glaV = −
1
2
+ 2 s2W , g
Ea
V = 2 s
2
W , (2.12c)
gνaA =
1
2
, glaV = −
1
2
, gEaA = 0. (2.12d)
We see that neutrinos and e−, µ−, τ− have the same couplings to the Z0 than in the SU(2)⊗
U(1) model. The heavy leptons Ea have vector-like couplings. Lepton couplings with the Z
′0
conserve flavor in each sector: νa, l
−
a and E
−
a . This is not a surprise since lepton generations
are treated democratically.
Knowing the neutral current couplings, given in Eqs. (2.10) and (2.11), in order to avoid
a general mixing in the mass matrices we will introduce the following discrete symmetries:
d1,2,3R → d1,2,3R; d4R → −d4R, u1,2,3R → u1,2,3R; u′1,2R,→ −u′1,2R, (2.13a)
Q1,2,3L → Q1,2,3L, η, σ → η, σ, σ′ → −σ′. (2.13b)
For leptons the discrete symmetries are
ΨaL → ΨaL, l−aR → l−aR, E−aR → −E−aR. (2.14)
The quark mass terms have the form
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D¯αLMDαα′Dα′R, U¯βLMUββ′Uβ′R. (2.15)
With the discrete symmetries in Eq. (2.13) the mass matrices become
MU =

M
U
1 0
0 MU2

 , (2.16)
for the charge 2/3 sector, and
MD =

M
D
1 0
0 1

 , (2.17)
for the charge −1/3 one. MU2 and MD1 are arbitrary 3 × 3 matrices in the basis u1, u2, u3
and d1, d2, d3, respectively; M
U
1 is an arbitrary 2 × 2 matrix in the basis u′1, u′2. The unit
matrix in MD means that d4 does not mix with the other quarks of charge −1/3. The mass
matrices in Eqs. (2.15)–(2.17) can be diagonalized. In terms of the mass eigenstates they
become
D¯LMˆ
DDR, U¯LMˆ
UUR (2.18)
where MˆU = diag(mu, mc, mt, mt′ , mt′′), and Mˆ
D = diag(md, ms, mb) and U and D de-
note (u, c, t, t′, t′′) and (d, s, b, b′), respectively. Note that in fact, the mixing occurs among
u1, u2, u3; u4, u5 and d1, d2, d3 while d4 does not mix and it is in fact the b
′ quark.
The mass matrices in Eqs.(2.16) and (2.17) are diagonalized by performing the transfor-
mations
UL = V UL UL, UR = V UR UR, DL = V DL DL, DR = V DR DR, (2.19)
with
V UL =

 V
U
1L 0
0 V U2L

 , V U1R =

 V
U
1R 0
0 V R2R

 , (2.20a)
V DL =

 V
D
1L 0
0 1

 , V UR =

 V
D
1R 0
0 1

 . (2.20b)
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V D1L,R, V
U
1L,R are unitary 3× 3 matrices and V U2L,R 2× 2 ones.
Next, let us consider the interactions in the quark sector. We have the currents
Lq = − g√
2
(
u¯′iLγ
µuiLX
0
µ − u¯′iLγµdiLV +µ + u¯iLγµdiLW+µ
+u¯3Lγ
µd3LW
+
µ + u¯3Lγ
µd4LV
+
µ + d¯3Lγ
µd4LX
0
µ
)
+H.c. (2.21)
In particular, the interaction with theW+ boson can be written as usual with the mixing
matrix defined as VKM = V
U†
L V
D
L . On the other hand we have the currents coupled to the
V +
LCCqV = −
g√
2
(u¯1 u¯2 u¯3 u¯
′
1 u¯
′
2)L∆γ
µ


d1
d2
d3
d4
0


L
V +µ +H.c., (2.22)
where ∆ is a 5× 5 matrix with −∆41 = −∆52 = ∆34 = 1 and all other elements vanish. In
terms of the mass eigenstates we can write Eq. (2.22) as
LCCqV = −
g√
2
(u¯ c¯ t¯ t¯′ t¯′′)LKγ
µ


d
s
b
b′
0


L
V +µ +H.c., (2.23)
where K is defined as
K ≡ V UL †∆V DL , (2.24)
being V UL , V
D
L the matrices in Eqs. (2.20a) and (2.20b). In these sort of models it is not
interesting to define V UL as being the unit matrix as it is usually done in the SU(2)⊗ U(1)
model. This is because this matrix appears also in the neutral currents with the extra Z ′0
present in the model [10]. So we do not assume that the charge 2/3 mass eigenstates appear
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unmixed. There are similar interactions with the X0 boson but in this case there are mixture
involving the matrices V U1L and V
U
2L in the charge 2/3 sector and V
D
1L in the charge −1/3 one.
We will return to this point later.
In the lepton sector, neutrinos and the usual charged leptons have the same couplings
to the W+ boson as in the SU(2)⊗ U(1) model,
Ll = −g
2
∑
a
[
ν¯aLγ
µl−aLW
+
µ + ν¯aLγ
µE−aLV
+
µ + l¯aLγ
µE−aLXµ
]
+H.c., (2.25)
The charged leptons get a mass via the interaction with the σ∗ and σ′∗ scalars. With
discrete symmetries in Eq. (2.14) the Yukawa interactions are
− LlY =
∑
ab
Ψ¯aL
[
hablbRσ
∗ + h′abEbRσ
′∗
]
+H.c., (2.26)
hab, h
′
ab are arbitrary 3×3 matrices and neutrinos remain massless if right-handed neutrinos
are not introduced. We can define the neutrino fields in such a way that there is not mixing
in the W+–interactions but there are mixings in the V +, X0 ones.
In the lepton sector we have no mixing among l−a and E
−
a in the mass matrix since
the discrete symmetries in (2.14) forbid it. So there is not flavor violation in Higgs-boson
couplings.
B. Model B
This is an extended version of the model proposed some years ago by Georgi and Pais [7].
Here we have to consider a third quark generation since today there is evidence of the
existence of a t quark [1]. As we will see later, the phenomenology of this model is rather
different from that of Georgi and Pais’s model in both sectors, quarks and leptons.
Let us first consider leptons. This is the same of Ref. [7] with four antitriplets (3∗,−1/3)
ΨeL :


νce
νe
e−


L
, ΨµL :


νcµ
νµ
µ−


L
; ΨτL :


νcτ
ντ
τ−


L
, ΨTL :


νcT
νT
T−


L
, (2.27a)
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and two other antitriplets with (3∗, 2/3)
Ψ′eL :


e+
τ+
N01


L
, Ψ′µL :


µ+
T+
N02


L
, (2.27b)
and two neutral singlets (N01L)
c, (N02L)
c.
The quark fields of the first two generations (suppressing the color indices) are in two
left-handed triplets (3, 0)
QiL =


ui
di
d′i


L
, i = 1, 2 (2.28)
and the right-handed components in singlets uiR ∼ (1, 2/3) and diR, d′iR ∼ (1,−1/3). Fi-
nally, the third quark generation transforms in a vector-like representation
Q3L =


u4
u3
d3


L
∼ (3∗, 1/3), Q3R =


u4
u3
d3


R
∼ (3∗, 1/3). (2.29)
The scalar fields are those in Eq. (2.3) but now we can introduce a singlet neutral scalar φ
with VEV 〈φ〉 6= 0.
As we said before, the gauge bosons are the same of model A. In particular, the neutral
ones are given in Eqs. (2.7). Thus, in this model we get the neutral current couplings defined
in Eq. (2.9),
Ld1 = Ld2 = Ld3 = −1 +
2
3
s2W , Ld′1 = Ld′2 =
2
3
s2W , (2.30a)
Rd1 = Rd2 =
2
3
sin2 θW , Rd3 = −1 +
2
3
s2W , Rd′1 = Rd′2 =
2
3
s2W , (2.30b)
or,
gd1V = g
d2
V = g
d3
V = −
1
2
+
2
3
s2W , g
d′
1
V = g
d′
2
V =
2
3
s2W , (2.30c)
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gd1A = g
d2
A = −
1
2
, gd3A = g
d′
1
A = g
d′
2
A = 0, (2.30d)
for the charge −1/3 quarks. For the charge 2/3 sector we have
Lu1 = Lu2 = Lu3 = 1−
4
3
s2W , Lu4 = −
4
3
s2W , (2.31a)
Ru1 = Ru2 = −
4
3
s2W , Ru3 = 1−
4
3
s2W , Ru4 = −
4
3
s2W ; (2.31b)
or
gu1V = g
u2
V = g
u3
V =
1
2
− 4
3
s2W , g
u4
V = −
4
3
s2W , (2.32a)
gu1A = g
u2
A =
1
2
, gu3A = g
u4
A = 0. (2.32b)
In this model, for leptons we have
Lνa = 1, Lla = −1 + 2 s2W , LN1 = LN2 = −1, (2.33a)
Rνa = 0, Re = Rµ = 2 s
2
W , Rτ = RT = −1 + 2 s2W , RN1 = RN2 = 0. (2.33b)
where νa = νe, νµ, ντ , νT and la = e, µ, τ, T . We see that neutrinos, electron and muon have
the same couplings than in the Standard Model, Ni have right-handed couplings, and the
lepton τ and T have both only vector couplings:
gνaV =
1
2
, geV = g
µ
V −
1
2
+ 2 s2W , g
τ
V = g
T
V = −1 + 2 s2W , gN1V = gN2V = −
1
2
, (2.33c)
gνaA =
1
2
, geA = g
µ
A = 0, g
τ
A = g
T
A = 0, g
N1
A = g
N2
A = −
1
2
. (2.33d)
Next, we will introduce the following discrete symmetries
d1,2,3R → d1,2,3R, d′1,2R → −d′1,2R, u1,2,3R → u1,2,3R, u4R → −u4R; (2.34a)
Q1,2L, Q3 → Q1,2L, Q3; η, σφ→ η, σ, φ; σ′ → −σ′. (2.34b)
13
ΨeL,ΨµL → ΨeL,ΨµL, ΨτL,ΨTL,Ψ′eL,Ψ′µL → −Ψτ ,−ΨT ,−Ψ′eL,−Ψ′µL, (2.34c)
N1R, N2R → −N1R,−N2R. (2.34d)
As we said before, the Higgs multiplets are also the same that in the previous model
given in Eq. (2.3) but we can also introduce the singlet φ. Hence, the most general Yukawa
couplings compatible with the symmetries in Eq. (2.34) are
− LqY =
∑
ij
Q¯iL [AijujRη
∗ +BijdjRσ
∗] +
∑
iα
B′iαQ¯iL d
′
αRσ
′∗ + λ Q¯3LQ3R φ
+
∑
j
Q¯3L [E3jujRσ +D3jdjRη] + E
′Q¯3L u4Rσ
′ +H.c. (2.35)
Where i, j = 1, 2, 3, α = 1, 2 and η∗, σ∗ are the respective antitriplets. (The λ¯ matrices used
in this work are defined in the Appendix of Ref. [6].)
From Eq. (2.35) we obtain mass matrices like in Eqs. (2.16) and (2.17) but now a 4× 4
matrix for the charge 2/3 sector and a 5× 5 one for the charge −1/3 sector. Instead of the
unitary matrices in Eqs. (2.20b) and (2.20a) we get
V DL =

 V
D
1L 0
0 V D2L

 , V DR =

 V
D
1R 0
0 V R2R

 (2.36a)
V UL =

 V
U
1L 0
0 1

 , V UR =

 V
U
1R 0
0 1

 . (2.36b)
where V D1L,R, V
U
1L,R are unitary 3× 3 matrices and V D2L,R are 2× 2 ones.
Hence, we get a 2 × 2 mass matrix for d′α quarks depending only on 〈σ′02〉; 3 × 3 mass
matrices for di’s and ui’s. Both matrices have contributions from the three Higgs fields η, σ
and φ. The fourth charge 2/3 quark, u4, get a mass mt′ = λ〈φ〉+ E ′〈σ′02〉.
From the mass matrices coming from Eq. (2.35) we obtain mixing among each of the three
sectors ui, di and d
′
i, but u4 does not mix at all. Thus, ui have the respective mass eigenstates
u, c, t. In the charge −1/3 sector the mixing occurs among di with the mass eigenstates
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denoted as usual d, s, b and among the d′i sector with the respective mass eigenstates denoted
by s′, b′.
Finally, let us consider the lepton-scalar couplings. The discrete symmetry in Eqs. (2.34c)
and (2.34d) allows the following Yukawa interactions
− LlY =
∑
ab
ǫΓab(ΨaL)cΨbLσ +
∑
db
ǫΓ′db(ΨdL)
cΨ′bLσ
′ +
∑
bi
HbΨ′bLN
0
iRη +H.c. (2.37)
where a, b = e, µ; d = τ, T ; i = 1, 2; Ψc is the charge conjugated field and ǫ is the completely
antisymmetric SU(3) tensor. Recall that the scalar fields must obey the discrete symmetry
in Eq. (2.34b).
Charged and non-hermitian neutral currents are
Lq = − g√
2
[∑
i
(
u¯iLγ
µdiLW
+
µ + u¯iLγ
µd′iLV
+
µ + d¯iLγ
µd′iLX
0
µ
)
+ u¯4Lγ
µu3LX
0
µ − u¯4Lγµd3LV +µ
+u¯3Lγ
µd3LW
+
µ + u¯4Rγ
µu3RX
0
µ − u¯4Rγµd3RV +µ + u¯3Rγµd3RW+µ
]
+H.c (2.38)
for quarks, and
Ll = g√
2
[∑
a
(
ν¯caLγ
µνaLX
0
µ − ν¯caLγµl−aLV +µ + ν¯aLγµl−aLW+µ
)
+ e¯+Lγ
µτ+LX
0
µ − e¯+LγµN01LV +µ
+ τ¯+L γ
µN01LW
+
µ + µ¯
+
Lγ
µT+L X
0
µ − µ¯+LγµN02LV +µ + T¯+L γµN02LW+µ
]
+H.c. (2.39)
for leptons. As long as neutrinos remain massless there is not mixing in the charged currents
coupled to W+. However, there is mixing in the currents coupled to V + and X0. Notice
that the right-handed currents coupled to W+ involve the charged leptons τ and T and the
heavy neutral fermions N1,2.
After neutrinos getting mass through radiative corrections, mixing will appear in the
interactions with W+. Recall that the scalar η+2 is an SU(2) singlet and there are three
SU(2) doublets in the scalar multiplets given in Eq. (2.3), hence the Zee mechanism for
generating neutrino masses may be implemented in this models [13].
The charged currents coupled to the W+ boson can be written, in the quark sector, as
LCCqW = −
g√
2
(u¯1 u¯2 u¯3)Lγ
µ


d1
d2
d3


L
W+µ −
g√
2
u¯3Rγ
µd3RW
+
µ +H.c. (2.40)
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The left-handed currents in Eq. (2.40) can be parametrized in terms of mass eigenstates and
Kobayashi-Maskawa mixing matrix, VKM = V
U†
L V
D
L . The right-handed current in Eq. (2.40)
can be written in terms of the mass eigenstates as follows
LCCqWR = −
g√
2
(u¯ c¯ t¯)RV
U†
R γ
µ∆˜V DR


d
s
b


R
W+µ +H.c. (2.41)
where ∆˜ = diag(0, 0, 1). The other matrices V UL , V
D
L also survive in the interactions involving
the bosons V + and X0.
Notice that, besides the neutral currents coupled to the Z0 given in Eq.(2.9) we have
additional right-handed couplings [u¯3Rγ
µu3R− d¯3Rγµd3R]Z0µ, or, written in terms of the mass
eigenstates
L′′NC = LNC + L′NC , (2.42)
with LNC being parametrized like in Eq. (2.9) and the coefficients L,Rs or V,As being
defined as in the Standard Model, and with
L′NCU = −
g
2 cos θW
(u¯ c¯ t¯)Rγ
µUUR
†
∆˜UUR


u
c
t


R
Z0µ, (2.43)
for the charge 2/3 sector, and
L′NCD = +
g
2 cos θW
(d¯ s¯ b¯)Rγ
µUDR
†
∆˜UDR


d
s
b


R
Z0µ. (2.44)
for the charge −1/3 one. There are similar currents coupled to the V +, X0, Z ′0 bosons.
Although Eqs. (2.43) and (2.44) are FCNC, all flavors have the same dependence on the
weak mixing angle. This is not the case of the neutral currents coupled to Z ′0, here each
flavor has a different dependence on that angle. In the leptonic sector we have the GIM
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mechanism at tree level in the neutral currents coupled to the Z0 and Z ′ (as long as the
symmetries in Eqs. (2.34c) and (2.34d) are preserved) but there are FCNC in the couplings
to the X0. Mixing between e↔ µ and τ ↔ T appear in the current coupled to X0 and those
coupled to V + induce transitions la ↔ Ni which are sensible on the Cabibbo-like mixing in
the charged leptons.
Unlike the model of Ref. [7], in the present model all Higgs bosons couple to quarks even
the scalar with a large VEV. Another difference between our model B and that of Ref. [7]
is that in the latter one, there is a mixing between d, s and between b, b′. In our case the
mixing is as usual among d, s, b, but b′ has no mixing with other charge −1/3 quarks, at least
as long as the discrete symmetries in Eq. (2.34) are preserved. In fact, the mass matrices
in model B are different from those of the model of Ref. [7]. We can see these discrete
symmetries only as an indication of which ones are the dominant mixings. Eventually, we
could allow them to be broken.
Notice also that in both models, A and B, the extra quarks are very heavy since they
get mass through the larger VEV 〈σ′0〉.
We can also build a model in which there are two quark generations transforming as
(3∗, 1/3)L and one as (3, 0)L+R. In this case there are two leptonic antitriplets (3, 1/3)
and four ones transforming as (3,−2/3). In this case it is necessary, however, to include
right-handed charged leptons in singlets.
III. MODELS WITH EXTENDED COLOR AND ELECTROWEAK SECTORS
A. Models with extended electroweak sector
First, let us consider n = 3 models. When m = 2, 3 we have the Standard Model and the
3-3-1 models respectively. Next, there is a 3-4-1 model in which the electric charge operator
is defined as
Q =
1
2
(
λ3 − 1√
3
λ8 − 2
3
√
6λ15
)
+N, (3.1)
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where the λ-matrices are [14],
λ3 = diag(1,−1, 0, 0), λ8 =
(
1√
3
)
diag(1, 1,−2, 0), λ15 =
(
1√
6
)
diag(1, 1, 1,−3).
Leptons transform as (1, 4, 0), two of the three quark families, sayQiL, i = 1, 2, transform
as (3, 4∗,−1/3), and one family, Q3L, transforms as (3, 4,+2/3)
ψaL =


νa
la
νca
lca


L
, QiL =


ji
d′i
ui
di


L
, Q3L =


u3
d3
u′3
J


L
, (3.2)
where u′3 and J are new quarks with charge +2/3 and +5/3 respectively; ji and d
′
i, i = 1, 2
are new quarks with charge −4/3 and −1/3 respectively. We remind that in Eq. (3.2)
all fields are still symmetry eigenstates. Right-handed quarks transform as singlets under
SU(4).
A model with SU(4)L symmetry and leptons transforming as in Eq. (3.2) was proposed by
Voloshin some years ago [15]. In this context it can be possible to understand the existence
of neutrinos with large magnetic moment and small mass. However in Ref. [15] it was not
considered the quark sector.
Quark masses are generated by introducing the following Higgs SU(4)L ⊗ U(1)N multi-
plets: χ ∼ (4,−1), ρ ∼ (4,+1), η and η′ ∼ (4, 0).
In order to obtain massive charged leptons it is necessary to introduce a (10∗, 0) Higgs
multiplet, because the lepton mass term transforms as ψ¯cLψL ∼ (6A ⊕ 10S). The 6A will
leave some leptons massless and some others mass degenerate. Therefore we will choose
H = 10S. Neutrinos remain massless at least at tree level but the charged leptons gain
mass. The corresponding VEVs are 〈η〉 = (v, 0, 0, 0), 〈ρ〉 = (0, w, 0, 0), 〈η′〉 = (0, 0, v′, 0),
〈χ〉 = (0, 0, 0, u), and 〈H〉42 = v′′ for the decuplet. In this way we have that the symmetry
breaking of the SU(4)L⊗U(1)N group down to SU(3)L⊗U(1)N ′ is induced by the χ Higgs.
The SU(3)L ⊗ U(1)N ′ symmetry is broken down into U(1)em by the ρ, η, η′ and H Higgs.
As in the models of Sec.II, it is necessary to introduce some discrete symmetries which
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ensure that the Higgs fields give a quark mass matrix in the charge −1/3 and 2/3 sectors
of the direct sum form in order to avoid general mixing among quarks of the same charge.
In this case the quark mass matrices can be diagonalized with unitary matrices which are
themselves direct sum of unitary matrices.
In fact, we have the symmetry breaking pattern, including the SU(3) of color,
SU(3)c ⊗ SU(4)L ⊗ U(1)N
↓ 〈χ〉
SU(3)c ⊗ SU(3)L ⊗ U(1)N ′
↓ 〈η′〉
SU(3)c ⊗ SU(2)L ⊗ U(1)N ′′
↓ 〈x〉
SU(3)c ⊗ U(1)em
(3.3)
where 〈x〉 means 〈ρ〉, 〈η〉, 〈H〉 [11].
The electroweak gauge bosons of this theory consist of a 15 W iµ, i = 1, ..., 15 associated
with SU(4)L and a singlet Bµ associated with U(1)N .
There are four neutral bosons: a massless γ and three massive ones: Z,Z ′, Z ′′. The
lightest one, say the Z, corresponds to the Weinberg-Salam-Glashow neutral boson. Assum-
ing the approximation u≫ v′ ≫ v, v′′, w the extra neutral bosons, say Z ′, Z ′′, have masses
which depend mainly on u, v′.
Concerning the charged vector bosons, as in the model of Ref. [4] there are doubly charged
vector bosons and there are doublets of SU(2) (X+µ , X
0) and (X¯0µ, X
−
µ ) which produce in-
teractions like ν¯caLγ
µlaLX
+
µ and ν¯
c
aLγ
µνaLX
0
µ, as in model I of Ref. [6]. We have also the
V ±1,2 vector bosons with interactions like l¯
c
aLγ
µνaLV
+
1µ and l¯
c
aLγ
µνcaLV
+
2L. All charged currents,
including that ones coupled with quarks, are given in Ref. [11].
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B. n = 4, 5 models
Let us consider now n = 4, 5 models. Although the SU(3)c gauge symmetry is the best
candidate for the theory of the strong interactions, there is no fundamental reason why the
colored gauge group must be SU(3)c. In fact, it is possible to consider other Lie groups. In
general we have the possibilities SU(n), n ≥ 3 [16].
In particular, models in which quarks transform under the fundamental representations
of SU(4)c and SU(5)c were considered in Refs. [8] and [9], respectively, in the context of
the SM. These models preserve the experimental consistency of the SM at low energies.
For instance, in the SU(5)c ⊗ SU(m)L ⊗ U(1)N model a Higgs field transforming as the 10
representation of SU(5)c breaks the symmetry as follows [9]
SU(5)c ⊗ SU(m)L ⊗ U(1)N
↓ 〈10〉
SU(3)c ⊗ SU(2)′ ⊗ SU(m)L ⊗ U(1)N .
(3.4)
Later the electroweak symmetry will be broken and the remaining symmetry will be SU(3)c⊗
SU(2)′ ⊗ U(1)em as in the models with m = 3, 4 considered above. Notice that, due to the
relation between the color degrees of freedom and the number of families, it is necessary
to introduce four and five leptonic families for n = 4 and n = 5 respectively if we assume
that the number of quark families is still three. In general we have Nl = |n(n1 − n2)| where
n1 and n2 are the number of quark multiplets transforming as m and m
∗ respectively and
Nq = n1 + n2. If n1 > n2 leptons must transform as m
∗ and if n1 < n2 leptons are assigned
to m. It is still possible to have Nq = Nl. Assuming this condition (and n1 > n2), for the
case of even n i.e., n = 2p, p ≥ 2 we have n1/n2 = (2p + 1)/(2p − 1); and for odd n i.e.,
n = 2p + 1, p ≥ 1 we get n1/n2 = (p + 1)/p. For n = 4 the condition Nq = Nl is satisfied
if n1/n2 = 5/3. Analogously, for n = 5 we have n1/n2 = 3/2. It means that, if we let
the number of quark families to be equal to the number of the lepton families, the minimal
number of families is eight for n = 4 and five for n = 5.
On the other hand, if we maintain Nq = 3 it is necessary, as we said before, to introduce
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new lepton families. Let us denote these additional families by (Ni, Ei, E
c
i ) with i = 1 for
n = 4; or i = 1, 2 when n = 5. The new charged leptons must be heavy enough in order
to keep consistency with phenomenology. Since the right-handed neutrinos, transforming
as singlets under the gauge group, do not contribute to the anomaly, their number is not
constrained by the requirement of obtaining an anomaly free theory. Hence, we can introduce
an arbitrary number of such fields. When these singlets are added, the Z0 invisible width
is always smaller than the prediction of the minimal SM. In fact it has been shown that in
this case [17]
Γ(Z → neutrinos) ≤ NlΓ0, (3.5)
where Nl is the number of left-handed lepton families and Γ
0 is the standard width for
one massless neutrino. Hence, it will be always possible to choose the neutrinos’s mixing
angles and masses in such a way that the theoretical value in (3.5) be consistent with the
experimental one [18,19].
IV. OTHER POSSIBLE EXTENSIONS
Other possibilities are models with left-right symmetry in the electroweak sector SU(n)c⊗
SU(m)L⊗SU(m)R⊗U(1)N and also models with horizontal symmetries GH i.e., SU(n)c⊗
SU(m)L ⊗ U(1)N ⊗GH .
A. Left-right symmetries
In models with left-right symmetry the V − A structure of weak interactions is related
to the mass difference between the left- and right-handed gauge bosons, W±L and W
±
R ,
respectively, as a result of the spontaneous symmetry breaking [20].
This sort of models are easily implemented in the 3-3-1 context by adding a new charged
lepton E. For instance, in models with left-handed leptons transforming as (νa, l
−
a , E
+
a )
T
L the
right-handed triplet is (νa, l
−
a , E
+
a )
T
R. In the quark sector, the left-handed components are as
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in Ref. [4] and similarly the right-handed components, in such a way that anomalies cancel
in each chiral sector. Explicitly, the charge operator is defined as
Q = I3L + I3R +
Y
2
(4.1)
where I3L(3R) and Y/2 are of the form (1/2)λ3 and −(
√
3/2)λ8 + N1, respectively, for the
model of Refs. [4]. The Higgs multiplet (3, 3∗, 0) and its conjugate give mass to all fermions
but in order to complete the symmetry breaking it is necessary to add more Higgs multiplets.
B. Horizontal Symmetries
Particle mixture occurs in the Standard Model among particles which are equivalent
concerning their position in the gauge multiplets. It was noted some years ago that it
is possible to determine the weak mixing angles in terms of the quarks masses, provided
we assume that all equivalent multiplets of the vertical gauge symmetry transform in the
same way under horizontal symmetries. Therefore, the three families are put into a single
representation of the horizontal group [21].
That is, in the context of the SM the gauge symmetry in the horizontal direction was
considered as a transformation among the left-handed doublets and among right-handed
singlets. At first sight, horizontal symmetries are less interesting in the context of 3-3-1
models since quark generations transform in a different way under SU(3)L ⊗ U(1)N .
Apparently, the only possibility is the horizontal GH = SU(2)H symmetry. In this case
there are no additional conditions for canceling gauge anomalies since SU(2) is a safe group.
For instance, with n = 3, m = 3, 4, the three quark generations transform, in both left- and
right- handed sectors, in the following way: two of them as a doublet and the third one as a
singlet under SU(2)H [22,23]. The same is valid for leptons but in this case the three lepton
triplets can transform as the adjoint representation as well.
The horizontal gauge bosons and the extra Higgs bosons have to be heavier than the
W bosons or very weakly coupled to the usual fermions in order to suppress appropriately
flavor changing neutral transitions in both, quark and lepton sectors.
22
C. Embedding in SU(6)
There are also the grand unified extensions of all the possibilities we have treated above.
The group SU(3)c ⊗ SU(3)L ⊗ U(1)N has rank 5 and it is a subgroup of SU(6). In the
last group, it has been shown that the anomalies, A, of 15 and 6∗ are such that A(15) =
−2A(6∗) [24]. Then, pairs of 15 and 15∗; 6∗ and 6 [25] and, finally one 15 and two 6∗
are the smallest anomaly free irreducible representations in SU(6). On the other hand, the
representation 20 is safe.
Just as an example, let us consider the SU(6) symmetry which is a possible unified theory
for model B. Using the notation of Ref. [26], in the entry (a,b)f(N), a is an irreducible
representation of SU(3)c and b is an irreducible representation of SU(3)L. The subindex f
means, in an obvious notation, the respective fields of the model and the second parenthesis
contains the value of the U(1)N generator when acting on the states in the (a,b).
In model B there are 66 degrees of freedom. Left-handed leptons and three of the right-
handed d-type quarks are in 6∗:
6∗j = (3
∗, 1)dc
jL
(+1/3) + (1, 3∗)jL(−1/3), (4.2)
where dcjL = d
c
1L, d
c
2L, d
′c
1L, d
′c
2L; ΨjL = ΨeL,ΨµL,ΨτL,ΨTL (see Eq.(2.27a)). Two quark gen-
erations transforming as (3, 3, 0) and the right-handed u-type quarks are in two 15
15QiL = (3
∗, 1)uc
iL
(−2/3) + (1, 3∗)Ψ′
iL
(2/3) + (3, 3)QiL(0), (4.3)
where uciL = u
c
1L, u
c
2L; Ψ
′
iL = Ψ
′
eL,Ψ
′
µL (see Eq. (2.27b)). The left-handed and right-handed
quarks of the third generation are in one 20
20Q3L = (1, 1)Nc1L(0) + (1, 1)Nc2L(0) + (3, 3
∗)Q3L(+1/3) + (3
∗, 3)Qc
3L
(−1/3), (4.4)
with N ciL, i = 1, 2 the neutral leptons which are singlets of the 3-3-1 symmetry. Thus, we
have an anomaly free theory with the fields of the first two generations in 6∗ and 15. The
third generation is not anomalous.
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Let us consider the prediction of the weak mixing angle, sin θW . In SU(N) theories we
have
sin2 θW =
∑
a(t3a)
2∑
a(Qa)2
, (4.5)
where t3 is the third component of the weak isospin, Q is the electric charge and the sum
extends over all fields in a given representation. Hence, in SU(6) we have the prediction
that sin2 θW = 3/8. This is the same value of the SU(5) model [27]. It is easy to verify that
all representations 6∗, 15 and 20 in Eqs. (4.2)-(4.4) give the same answer as it must be. On
the other hand, we recall that in models A and B it holds that sin2 θW < 3/4 [6]. Thus, the
theory has a Landau pole when sin2 θW = 3/4. The theory might be, before getting this
pole, unified in an SU(6) model.
However, it is not a trivial issue to show that the unification in SU(6) may actually
occur [28]. This is so, because in 3-3-1 the couplings αc and α3L have βc > β3L.
Since the model have new particles, we may have to consider mass threshold corrections
for the β-functions, since the new particles could have masses below the unification energy
scale, or even, we may not assume the decoupling theorem. We recall that in the Standard
Model with two Higgs doublets the decoupling theorem [29] must not be necessarily valid,
since there are physical effects proportional to m2Higgs [30]. Hence, it could be interesting
to study the way in which the masses of the extra Higgs and exotic quarks in the model
become large, as it has been done in the standard model scenario for an extended Higgs
sector [30] or for the mass difference between fermions of a multiplet [31]. It means that
there is no “grand desert” if 3-3-1 models are realized in nature.
How can we study the embedding of the SM in 3-3-1? The last model has fields which
do not exist in the minimal SM, but which are present in the same multiplet of 3-3-1 with
the known quarks. For instance, the quarks J ’s have to be added to the SM transforming as
(3, 1, QJ) under the 3-2-1 factors. The scalar and vector boson sectors of the SM have also
to be extended with new fields. Hence, we must add scalar fields transforming as (i) four
singlets (1, 1, YS): one with YS = 0, one with YS = 1 and two with YS = 2, (ii) four doublets
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(1, 2, YD): one with YD = −3 and three with YD = 1; finally, (iii) one triplet (1, 3,−2). It is
also necessary to add extra vector bosons (U++, V +) which transform as (1, 2, 3). For this
reason we believe that 3-3-1 models are not just an embedding of the SM but an alternative
to describe the same interactions.
V. CONCLUSIONS
The 3-3-1 symmetry is in fact an interesting extension of the standard model. It gives
answers to some questions put forward by the later model and new physics could arise at
not too high energies, say in the TeV range.
In the previous sections we have examined two 3-3-1 models, both of them with extra
heavy quarks and leptons, and also possible extensions.
What we want to do now is to discuss briefly some possible phenomenological conse-
quences concerning models A and B dicussed in Secs. IIA and IIB, respectively.
i) In the Higgs sector, by using the gauge invariance it is not possible to choose all VEVs to
be real. Hence, there is CP violation via scalars exchange. Since the quark mass matrices
receive contributions from two VEVs, there are also FCNC in the Higgs bosons couplings
but their effects could be suppressed by fine tuning among some parameters [6] or by heavy
scalars.
ii) In model A, the left-handed quark mixing matrices V UL and V
D
L , defined in Eqs. (2.19)
or (2.20), survive in the Lagrangian. See for instance, Eqs. (2.23) and (2.24). Mixings are
also different in the interactions with X0µ and with V
−
µ , as can be seen from Eq. (2.21). This
induces new sources of CP violation since there are phases in these interactions which cannot
be absorbed. This also happens in model B. However, in this case even the right-handed
quark mixing matrices, V UR and V
D
R , survive. We recall that in the Standard Model although
the matrices V U,DL,R are needed, after the diagonalization of the quark mass matrices the only
place in the Lagrangian where these matrices appear is in charged currents coupled to the
W+ and only in the form V U†L V
D
L . In this case, V
D
L is identified with the usual Cabibbo-
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Kobayashi-Maskawa mixing matrix by choosing V UL = 1. Since this matrix does not appear
in other places of the Lagrangian, this choice is enough. This is not the case for all 3-3-1
models [10].
iii) It is very well known that almost all Z0-pole observables are in agreement with the
Standard Model predictions [18]. There are, however, two of these observables which seem
not to agree with the model’s predictions:
a) the first one concerns the heavy quark production rates Rf = Γ(Z
0 → f f¯)/Γ(Z →
hadrons), which have been measured for c and b quarks. Considering Rc as the SM prediction
(Rc ≈ 0.171), one has Rb = 0.2192± 0.0018 which is about 2σ discrepancy with respect to
the expected value, Rb = 0.2156± 0.0006.
b) The second one, is the value of the left-right asymmetry A0eLR obtained by LEP mea-
surements of the forward-backward asymmetry. It corresponds to sin2 θW = 0.2321±0.0005
[32] while SLD left-right asymmetry measurement implies sin2 θW = 0.2292 ± 0.0010 [33].
This results are in conflict with one another at about two standard deviations. If confirmed,
this could indicate new physics coupled in a different way to the third generation. For in-
stance: 1) extended gauge structures with extra neutral bosons, like the Z ′; 2) extra fermions
like t′, b′ or even of heavy leptons as E−; 3) non-standard Higgs particles, and 4) new heavy
particles loop effects like exotic leptons, quarks or supersymmetric particles.
It is possible that this will be an indication of new physics generating a vertex correction
to the Z coupling or by new box contributions, however the most exciting possibility is a
new physics at tree level.
All 3-3-1 models have some of these requirements and no doubt they deserve to be study.
In particular model B has the flavor changing right-handed current in Eq. (2.44). In fact,
it has been pointed out recently that the discrepancy between both measurements can be
reconciled if a new neutral gauge boson Z ′0 nearly degenerate with the Z0 do exist [34].
This new neutral gauge boson may also be responsible for the observed value of Rb.
Notice that according to Eqs. (2.43) and (2.44), there are right-handed u ↔ c ↔ t and
d ↔ s ↔ t transitions mediated by the Z0 at tree level. In the charge −1/3 sector, the
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KL − KS mass difference constrains only the matrix elements (V D∗R )3d(V DR )3s. In order to
determine the other elements of the matrix V DR it is necessary to study in detail B decays.
A similar situation occurs in the charge 2/3 sector.
On the other hand, all 3-3-1 models have both Z ′0 and extra fermions. In particular there
are heavy leptons in the models that we have considered above [35]. In these models it could
be necessary to take into account all new fields present in the model. Constraints coming
from the neutral K mass difference would not necessarily imply a heavy Z ′ since we can
obtain consistence with the observed value of this mass difference by choosing appropriately
some of the matrix elements of V DL . The later ones are different from the mixing angles
appearing in the observables Rb and ALR. The couplings defined in Eq. (2.9) for the case
of the Z ′ are all flavor violating [6] and as we have extra mixing matrices in these models it
is possible that a global analysis of all data will show compatibility among the low energy
processes like mKL −mKS mass difference and the Z-peak observables. Exotic fermions can
also give contributions to the Z → bb¯ through loop effects.
iv) Some time ago it was pointed out that since the left-handiness of the b quark has not
been tested experimentally this quark may decay through, in the extreme case, purely right-
handed couplings to the c and u quarks [36,37]. A test of the chirality of the b quark
is the decay of polarized Λb baryons. These ideas were worked out in the context of an
SU(2)L⊗SU(2)R⊗U(1) model. In such a model the smallness of the b to c coupling is due
not to the value of the corresponding mixing angle but to the small value of the right-handed
Fermi constant GFR, and the right-handed WR boson must be light since [38]
GFR
GFL
≃ 1√
2
(
g2R/M
2
WR
) (
g2L/M
2
WL
)
≃ Vbc ≃ 0.04. (5.1)
In model B (Sec.II B), an intermediate situation is realized. In Eq. (2.40) the charged left-
handed currents are the usual ones. However, there are also right-handed currents coupled
to the W+ boson with the same strength GF but it depends on some of the right-handed
couplings V UR and V
D
R appearing in Eq. (2.41). Hence, the constraint in Eq. (5.1) implies
only that V U∗3cRV
D
3bR < 0.04.
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Notice that the left-handed coupling of the b quark to the c and u quarks are the same
of the Standard Model (See Eq. 2.40). However, there are contributions to the semileptonic
b-decays in which a) a right-handed b-to-c(u) current couples to a left-handed lepton current
(see Eq. (2.39) and (2.41)); b) a left-handed b-to-c(u) current couples to a right-handed
lepton current and, c) both currents are right-handed. The cases b) and c) involve the
heavy lepton sector: τ¯ cLγ
µN1L = −N¯ c1RγµτRW+µ or T¯ cLγµN2L = −N¯ c2RγµTRW+µ , and can be
suppressed if Ni and T are heavy.
Analyses of the B0d − B¯0c and B0s − B¯0s mixings must be done in our context too. The
dominant contributions in our model come from two-t-quarks box diagrams as in the Stan-
dard Model. This involve other matrix elements of V DL . Hence, as we said before, in our
models it would be necessary to make a global analysis involving Z-pole observables, CP
violation, semileptonic B decays and other processes in order to fit the several parameters
appearing in it.
v) These models predict new processes in which the initial states have the same electric charge
as ff →W−V −. This type of processes have only recently begun to be studied [40,41]. Also
in some extensions of these models, with spontaneous and/or explicit breaking of L + B
symmetry, it is possible to have kaon decays with |∆L| = 2, like K+ → π−µ+µ+, π−µ+e+
Similarly in D and B mesons decays. Experimental data imply B(K+ → π−µ+µ+) <
1.5 × 10−4 [40]. The process e−e− → W−W− which also could occur in some extensions of
the 3-3-1 models has been recently investigated in other context [41].
In summary, none of these models is severely constrained at low energies. For instance, in
the leptonic sector both of them are consistent with the existence of three light neutrinos [18].
Notice that in model B, the massless neutrinos (at tree level) νe, νµ do not mix with the
heavy neutral fermions N0i because of the symmetries in Eqs. (2.34c) and (2.34d). Mixing
occurs only among ντ , νT and N
0
iL. Thus it is not necessary to assume that Hi〈η0〉 ≫ Γ′〈σ01〉
in Eq. (2.37). Neutrinos will get mass through radiative corrections and some of their
properties as the magnetic moments will be studied elsewhere.
Another interesting feature of this kind of models is that they include some extensions
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of the Higgs sector which have been considered in the context of the SU(2)⊗ U(1) theory:
more doublets, single and doubly charged singlets, triplets, etc.
The supersymmetric version of the model of Ref [6] has been considered in Ref. [42].
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